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(54) SEMICONDUCTOR LASER 

(57)Abstract: 

PURPOSE: To provide a semiconductor laser that reduces 
electrostatic capacitance of an element without losing an 
electrode region for wire bonding, and is suitable for a superhigh 
speed pitch. 

CONSTITUTION: An upper electrode 12 in which a width of an 
electrode layer for exciting an active region 1 1 is suppressed 
down to 15 times or less as wide as an active region is provided 
on the main surface side of a semiconductor crystal 14. A lead 
electrode 16 for an upper electrode 12 and a bonding pad 17 
being a region dedicated to wire bonding are provided to 
perform bonding a lead wire 1 5. Further, the lead electrode 1 6 
and the bonding pad 1 7 are provided on an insulation layer 20 
partially provided on the main surface side of a semiconductor 
crystal 1 1 . Accordingly, electrostatic capacitance by an 
electrode on the main surface side can be reduced to one 
hundredth than before. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The ohmic electrode which has the dimension width of face of the range of 15 or less times of 
the above-mentioned active-region width of face above the above-mentioned active-region width of 
face prepared in the location corresponding to the above-mentioned active region by the side of the 
principal plane of a semiconducting crystal including an active region, and the above-mentioned 
semiconducting crystal, The lead electrode prepared in the principal plane side of the above-mentioned 
semiconducting crystal in order to supply electric power to the above-mentioned ohmic electrode, The 
bonding pad for connecting the reed wire for external connection prepared in the principal plane side of 
the above-mentioned semiconducting crystal connected to the above-mentioned lead electrode, 
Semiconductor laser characterized by having the insulator layer layer prepared between the above- 
mentioned lead electrode or bonding pad [ either / at least ] side and the principal plane side of the 
above-mentioned semiconducting crystal. 

[Claim 2] The above-mentioned lead electrode is semiconductor laser according to claim 1 
characterized by being formed in a meandering pattern so that it may have an inductance to a RF. 
[Claim 3] Semiconductor laser according to claim 1 or 2 characterized by a semiconducting crystal 
including the above-mentioned active region being the distribution feedback mold structure of having BH 
mold structure. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the electrode structure of semiconductor laser 
[0002] 

[Description of the Prior Art] Drawing 1 is the perspective view of a semiconductor laser chip with the 
conventional electrode structure. Usually, one electrode (for example, lower electrode 3 of this example) 
was connected to the radiator among two electrodes prepared in the semiconducting crystal 4, and the 
reed wire 5 was connected to the electrode (for example, up electrode 2 of this example) of another 
side by wirebonding. 

[0003] Moreover, as shown in this drawing, the electrode was usually partially provided in the principal 
plane side near the active region 1 which laser oscillation produces for the purpose, such as considering 
as the standard which shows improvement in the cutting alignment at the time of dividing into a chip 
from a wafer, and the workability at the time of cutting, and a luminescence spot location. Although such 
technique is already known well, a publication similar also to JP.59-23576.A is seen for example 
[0004] 

[Problem(s) to be Solved by the Invention] It is possible to, perform direct modulation of laser output 
light by changing a drive current in semiconductor laser on the other hand. For a high-speed modulation, 
it is required to make an electrode surface product as narrow as possible, and to decrease the 
electrostatic capacity of a component. However, even if it was the electrode prepared partially, the area 
for performing wirebonding as mentioned above was required, and it was impossible to have reduced an 
electrode surface product sharply. 

[0005] the purpose of this invention — the electrode field for wirebonding — ****** — there are 
nothings, the fall of the electrostatic capacity of a component is aimed at, and it is in offering the 
semiconductor laser suitable for a superhigh-speed modulation 
[0006] 

[Means for Solving the Problem] Drawing 2 is the perspective view showing the structure of this 
invention. The up electrode 12 which held down the width of face of the electrode layer for exciting an 
active region 1 1 to 15 or less times of active-region width of face was formed in the principal plane side 
of a semiconducting crystal 14, and the electrostatic capacity of a component was reduced sharply 
[0007] Moreover, the bonding pad 17 used as the lead electrode 16 for taking out a lead from the up 
electrode 1 2 and the field only for wirebonding is formed, and bonding of the reed wire 1 5 is carried out. 
[0008] On the insulator layer layer 20 furthermore partially prepared in the principal plane side of a 
semiconducting crystal 1 1 , the lead electrode 1 6 and the bonding pad 1 7 are formed 
[0009] 

[Function] Therefore, the electrostatic capacity resulting from a lead electrode and a bonding pad 
serves as series connection of the pn junction capacity which exists in the interior of a crystal, and the 
electrostatic capacity formed in the part of an insulator layer. For this reason, as compared with the 
case where a direct lead electrode and a bonding pad are formed on a semiconducting crystal 1 1 , the 
electrostatic capacity resulting from these electrodes can be reduced to several [1/]. 
[0010] By taking the above electrode configurations, the electrostatic capacity by the electrode 
prepared in the principal plane side can be reduced to several [ over the past / 1/1 
[0011] 

[Example] In the above, drawing 3 , drawing 4 , drawing 5 , drawing 6 , and drawing 7 explain the example 
of this invention. 



[0012] (Example 1) The A-A' sectional view of drawing 3 and drawin g 5 of the top view in which drawin g 
3 shows one example of this invention, and drawing 4 are the B-B' sectional views of drawing 3 . 
[0013] An example which applied the electrode structure by this invention to the principal plane side of 
the distribution feedback mold semiconductor laser (it is called DFG mold laser for short below) which 
has InP system double hetero BH structure in drawing 3 is shown. On the principal plane of a crystal, 
after putting the insulator layer layer 30 which consists of Si02 on the whole surface, the groove 
aperture 31 of 10 micrometers of **** is formed at the right above section of the barrier layer field 42. 
Next, the continuation vacuum evaporationo of Cr and the Au was carried out, the electrode layer was 
formed, subsequently etching removal of the metal layer was alternatively carried out using the 
photoresist technique, and the stripe-like (width of face of 15 micrometers) ohmic electrode 32 of small 
area, the lead electrodes 33 and 34, and bonding pads (80micrometerx80micrometer) 35 and 36 were 
formed in the whole surface. 

[0014] Next, drawing 4 and drawing 5 explain the structure of the A-A' cross section of a component, 
and a B-B r cross section. Pitch 2300A and a diffraction grating with a depth of 800A are formed in the 
front face of the n mold InP substrate 40, and the laminating of the InGaAsP guide layer 41 (0.2-0.4 
micrometers in thickness), the InGaAsP barrier layer 42(0.1-0.2 micrometers in thickness) InGaAsP anti 
melt back layer 43 (about 0.1 micrometers in thickness), the p mold InP cladding layer 44 (3-4 
micrometers in thickness), and the p-InGaAsP surface layer 45 (about 0.2 micrometers in thickness) is 
carried out by liquid phase epitaxy one by one on it. A guide layer, the barrier layer, the anti melt back 
layer, the cladding layer, and the surface layer are constituted by selective etching in the shape of a 
stripe, and the width of face of a barrier layer is adjusted to about 6 micrometers. The mesa part of the 
shape of a stripe containing a barrier layer 42 is the p-Inp layer 46 (0.8 micrometers in thickness), the 
n-InP layer 47 (2-3 micrometers in thickness), and InGaAsP. It is embedded by the liquid-phase- 
epitaxial-growth layer of a surface layer 48 (0.2-0.3 micrometers in thickness), and the DFB mold laser 
of BH structure is constituted. The ohmic electrode 49 which consists of AuGe-nickel-Au is formed in 
the n mold InP substrate. 

[0015] the electrostatic capacity of synthesis which the ohmic electrode surface product by the side of 
a principal plane is decreasing sharply with 1 5micrometerx300micrometer in this example, and contains a 
bonding pad part as stated above — the conventional electrode structure — comparing — about — it 
decreased to one third, and frequency characteristics were markedly alike and improved. 
[0016] Moreover, in this example, since two bonding pads are prepared, the object for direct-current 
bias and another side can be used for one side as an object for a RF modulation. 
[0017] (Example 2) The top view of the DFB laser chip in which other examples of this invention are 
shown is shown in drawing 6 . The manufacture approach of an electrode is completely the same as that 
of an example 1, the groove contact window 61 is opened in the active-region right above section of the 
insulator layer layer 60 on a principal plane, and the stripe-like (width-of-face [ of 15 micrometers ] x 
die length of 300 micrometers) ohmic electrode 62 is formed so that this part may be included. From the 
central part of the stripe-like ohmic electrode 62, two lead electrodes 63 and 64 were pulled out by 
right and left, and it has connected with bonding pads 65 and 66. The lead electrode 64 is used as the 
meandering pattern so that it may function as an inductance to a RF. The object for direct-current bias 
and a bonding pad 65 are used for a bonding pad 66 as an object for a RF modulation. 
[001 8] In this example, since the lead electrode for direct-current bias serves as an inductor, an 
external bias circuit becomes easy as compared with the conventional method. 

[001 9] (Example 3) Drawing 7 shows the top view of the DFB mold laser chip which is the 3rd example 
of this invention. The DFB mold laser shown in drawing 7 has the array structure of having four active 
regions. The stripe-like ohmic electrodes 72a, 72b, 72c, and 72d for exciting this are formed in the right 
above section of each active region. (The display of a groove contact window was omitted.) In addition, 
the detailed manufacture approaches, such as an electrode, are completely the same as that of 
operations 1 and 2. Moreover, the lead electrodes 81, 82, 83, and 84 were pulled out from ohmic 
electrode 72 a-d, and it connected with each bohding pad. As for the bonding pad, every one each for 
the object for direct-current bias and a RF modulation is prepared about each laser part. The bonding 
pad for direct-current bias in 75 a-d and 76 a-d are the bonding pads for a high frequency modulation. 
In addition, the method which prepares a lead electrode and a bonding pad on an insulator layer 70 is 
completely the same as that of examples 1 and 2. 

[0020] In addition, in this example, Au plating with a thickness of several micrometers is alternatively 
performed to a stripe-like ohmic electrode or a lead electrode, and the fall of series resistance is aimed 
at. 



[0021] According to this example, an electrode is easily pulled out also from two or more stripe-like 
ohmic electrodes which approached, and the electric supply terminal of low capacitance can be 
prepared. 
[0022] 

[Effect of the Invention] Since according to this invention the electrode surface product prepared in the 
pn junction which constitutes semiconductor laser is reduced and the electrostatic capacity resulting 
from a junction capacitance can be reduced sharply, remarkable effectiveness is in an improvement of 
the modulation characteristic. It is regarded as the electrode structure by this invention being the 
optimal as the light source of long-distance light popular use. It is very effective when it applies to BH 
mold DFB laser (Buried Heterostructure Type Distributed Feedback Laser). 

[0023] Moreover, although the example described the example which formed the insulator layer prepared 
on a principal plane by Si02, if it is the small insulator of a dielectric dissipation factor, the various 
quality of the materials are available. Furthermore, since the parasitic capacitance of a bonding pad or a 
lead electrode can be reduced so that the above-mentioned insulating layer thickness is increased, use 
of the thick-film insulating layer of polyimide resin is also possible. 

[0024] Furthermore, the location of a bonding pad can also be arranged so that it may lay on top of the 
center section of the stripe-like electrode. Moreover, application of the electrode structure of this 
invention is not limited to a DFB laser. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The perspective view showing the electrode structure of the conventional semiconductor 
laser. 

[Drawing 2] The perspective view showing the concept of the electrode structure by this invention. 

[Drawing 3] The top view showing one example of this invention. 

[Drawing 4] The A~A' sectional view of drawing 3 . 

[Drawing 5] The B-B' sectional view of drawing 3 . 

[Drawing 6] The top view showing other examples of this invention. 

[Drawing 7] The top view showing the 3rd example of this invention. 

[Description of Notations] 

12, 32, 66, 72 a-d [ — Insulator layer layer. ] — A stripe-like ohmic electrode, 16, 33, 34, 63, 64, 81, 84 
— A lead electrode, 1 7, 35, 36, 65 and 66, 75 a-d, 76 a-d — A bonding pad, 20, 30, 60, 70 
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